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(54) [Title of the Invention] METHOD FOR ELECTRICALLY CONNECTING UPPER 
ELECTRODE AND LOWER ELECTRODE WITH INSULATING LAYER 
INTERPOSED THEREBETWEEN, AND STRUCTURE FOR THE SAME 

15 

(57) [Abstract] 

[Object] To provide an efficient method for electrically connecting an upper electrode 
and a lower electrode through a contact hole made with an insulating layer, and a 
structure for the same. 

20 [Constitution] A feature is to integrally form a conductive member in a contact hole 
and an upper electrode by coating a lower electrode with an insulating layer, forming 
the contact hole in this insulating layer, providing a material to be conductive after 
baking inside the contact hole and on an upper surface of the insulating layer, and 
baking this. 

25 [Effect] An upper electrode and a lower electrode can be in contact with each other 
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[Scope of Claim for Patent] 

[Claim 1] A method for electrically connecting an upper electrode and a lower 

electrode with an insulating layer interposed therebetween, comprising the step of 
integrally forming a conductive member in a contact hole and an upper electrode by 
5 coating a lower electrode with an insulating layer, forming the contact hole in the 
insulating layer, providing a material to be conductive after baking inside the contact hole 
and on an upper surface of the insulating layer, and baking this. 

[Claim 2] The method for electrically connecting an upper electrode and a lower 

electrode with an insulating layer interposed therebetween according to Claim 1, wherein 
10 the material to be conductive after baking which is provided inside the contact hole and 
on the upper surface of the insulating layer is formed by application means such as an 
inmiersion method, a spin coating method, or a spray method. 

[Claim 3] A method for electrically connecting an upper electrode and a lower 

electrode with an insulating layer interposed therebetween, comprising the steps of: 
15 coating a lower electrode with an insulating layer; forming a contact hole in the insulating 
layer; filling the contact hole with a material to be conductive after baking; forming a 
conductive member by baking this; and forming an upper electrode by stacking a 
conductive material over the conductive member and on an upper surface of the 
insulating layer. 

20 [Claim 4] The method for electrically connecting an upper electrode and a lower 

electrode with an insulating layer interposed therebetween according to Claim 3, 
wherein the material to be conductive after baking which is provided inside the contact 
hole is formed by application means such as an immersion method, a spin coating 
method, or a spray method. 

25 [Claim 5] A structure for electrically connecting an upper electrode and a lower 
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electrode with an insulating layer interposed therebetween, comprising a conductive 
member to which conductivity is imparted by baking and an upper electrode, which are 
provided in a contact hole in an insulating layer stacked over a lower electrode and on 
cui upper surface of the insulating layer. 
5 [Claim 6] A structure for electrically connecting an upper electrode and a lower 

electrode with an insulating layer interposed therebetween, comprising a conductive 
member to which conductivity is imparted by baking, filling a contact hole in an 
insulating layer stacked over a lower electrode, and a conductive material stacked over 
the conductive member and on an upper surface of the insulating layer. 

10 

[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to a method for 
electrically connecting an upper electrode and a lower electrode with an insulating layer 
15 interposed therebetween in a manufacturing process of a semiconductor, or the like, and 
a structure thereof. 
[0002] 

[Conventional Art] FIG 6 is a schematic cross-sectional view which shows one 

structure example of an active-matrix liquid crystal substrate including a thin film 

20 transistor (hereinafter abbreviated to a TFT). In this liquid crystal substrate, a gate 
electrode 2 and a pixel electrode 3 are provided over a substrate 1, and further, a gate 
insulating film 4 covering this, and a semiconductor layer 7 which includes an active 
layer 5 made of an a-Si film 5a provided on an upper surface of this and an n"*^ layer 6 
are formed. In addition, a gate electrode 9a £uid a drain electrode 9b are provided of a 

25 low-resistance metal material over this semiconductor layer 7. 
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[0003] Further, in the structure, the gate insulating film 4 is provided with a contact 
hole 8, and this contact hole 8 is filled with a conductive member SB, thereby 
connecting the drain electrode 9b and the pixel electrode 3. 

[0004] Then, in order to manufacture a liquid crystal substrate having the above 
5 structure, for example, a gate electrode 2 made of polycrystalline silicon doped with P 
(phosphorus) or B (boron), or low-resistance metal such as Cr, Mo, or Ti is formed first 
over a substrate 1 made of an insulator such as low-melting glass, as shown in FIG 5(a). 
[0005] Next, a transparent conductive film made of indium, tin oxide (hereinafter 
abbreviated to an ITO film) 3a is formed thereover as shown in FIG 5(b). After this, 
10 this ITO film 3a is shaped into a shape shown in FIG. 5(c) using a photolithography 
technique to form a pixel electrode 3 (lower electrode). At this time, an etchant of a 
hydrochloric acid/nitric acid mixture is generally used. 

[0006] Then, a gate insulating film 4 is formed thereover as shown in FIG 5(d). This 
gate insulating film 4 is formed by coating the gate electrode 2 with Si02 (silicon oxide), 

15 Si3N4 (silicon nitride), or the like. 

[0007] Next, an a-Si film 5a serving as an active.layer 5 and an n"^ a-Si film 6a serving 
as an n"^ layer 6 of a TFT are formed over this gate insulating film 4. Then, after a 
resist is applied to this surface, exposed to light, and developed, the a-Si film 5a and the 
n"^ a-Si film 6a are etched to form a semiconductor layer 7 including the active layer 5 

20 and the n^ layer 6 as shown in FIG 5(f). 

[0008] After this, a contact hole 8 with a size of approximately 20 \xm square and a 
depth of approximately several thousand angstroms as shown in FIG 5(f) is formed in 
the gate insulating film 4 over the pixel electrode 3. Then, in order to fill this contact 
hole 8 with a conductive member 8B made of Al or the like, a film of the conductive 

25 member 8B is formed by sputtering or the like as shown in FIG 5(g), and after that, an 
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unnecessary portion is removed by etching treatment to make such a shape as shown in 
FIG 5(h). 

[0009] Next, these are coated with a conductor film 9 made of a low-resistance metal 
material such as Al (aluminum) or Cr (chromium) as shown in FIQ 5(i). Then, this 
5 conductor film 9 is patterned using a photolithography technique to form a source 
electrode 9a and a drain electrode 9b (upper electrode). Thus, in the structure, this 
drain electrode 9b is connected to the pixel electrode 3 through the contact material 8B 
filling the contact hole 8. 
[0010] 

10 [Problems to be Solved by the Invention] Therefore, as a means of making the drain 
electrode 9b and the pixel electrode 3 in contact with each other in the conventional 
method for manufacturing a liquid crystal substrate as described above, the contact hole 
8 is formed in the gate insulating film 4 over the pixel electrode 3, the film of the 
conductive member 8B made of Al or the like is formed by a sputtering method or the 

15 like to fill the contact hole 8 with the conductive member 8B, the conductive member 
8B is patterned by removing an unnecessary portion through etching treatment, and 
the source electrode 9a and the drain electrode 9b are then formed thereover. 
[0011] However, there is limitation as described below on the shape such as the depth 
and width of the contact hole 8 to surely and densely fill the contact hole 8 with the 

20 conductive member 8B made of Al or the like by a sputtering method. For example, as 
shown in FIG 8, when the depth of the contact hole is denoted by a, the width by b and 
an aspect ratio thereof (a/b) is a/b>l, it is difficult and takes time to densely fill this 
contact hole 8 with the conductive member 8B without space by a sputtering method. 
[0012] Therefore, since a space is easily generated in the conductive member 8B 

25 filling the contact hole provided in the insulating layer of the conventional liquid crystal 
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substrate, a defect may be generated in contact function between the drain electrode 9b 
and the pixel electrode 3. Particularly when the depth of the contact hole 8 is deep, 
there is a problem in that it is difficult to densely and surely fill the contact hole 8 with 
the conductive member 8B by a sputtering method or the like as described above and 
5 defective contact between the drain electrode 9b and the pixel electrode 3 is easily 
caused. 

[0013] Furthermore, as described above, the conventional manufacturing process for 
forming a contact means between the drain electrode 9b (upper electrode) and the pixel 
electrode 3 (lower electrode) requires a complex manufacturing process such as steps of 
10 forming the contact hole 8 in the gate insulating layer 4 over the pixel electrode 3, then 
forming a film of the conductive member 8B thereover, and pattering this as shown in 
FIG 5(g) and FIG 5(h), Therefore, unfavorable production efficiency and poor yield 
have been a problem. 

[0014] Thus, the present invention is made in view of the above problems, and it is an 
15 object of the present invention to provide an electrically connecting method and a 
structure thereof, with which an upper electrode can be in favorable contact with a 
lower electrode which is electrically connected thereto through a contact hole made 
with an insulating layer, and its manufacturing process can be simplified. 
[0015] 

20 [Means to Solve the Problem] In order to solve the above-described problems, the 
method for electrically coimecting an upper electrode and a lower electrode with an 
insulating layer interposed therebetween according to claim 1 is characterized by 
integrally forming a conductive member in a contact hole and an upper electrode by 
coating a lower electrode with an insulating layer, forming the contact hole in this 

25 insulating layer, providing a material to be conductive after baking inside the contact 
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hole and on £in upper surface of the insulating layer, and baking this. 
[0016] In order to solve the above-described problems, the method for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 
therebetween according to claim 2 is characterized in that the material to be conductive 
5 after baking which is provided inside the contact hole and on the upper surface of the 
insulating layer according to claim 1 is formed by application means such as an 
immersion method, a spin coating method, or a spray method. 

[0017] In order to solve the above-described problems, the method for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 

10 therebetween according to claim 3 is ch2u-acterized by coating a lower electrode with an 
insulating layer, forming a contact hole in this insulating layer, filling the contact hole 
with a material to be conductive after baking, forming a conductive member by baking 
this, and forming an upper electrode by stacking a conductive material over this 
conductive member and on an upper surface of the insulating layer. 

15 [0018] In order to solve the above-described problems, the method for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 
therebetween according to claim 4 is characterized in that the material to be conductive 
after baking which is provided inside the contact hole according to claim 3 is formed by 
application means such as an immersion method, a spin coating method, or a spray 

20 method. 

[0019] In order to solve the above-described problems, the mechanism for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 
therebetween according to claim 5 is characterized by including a conductive member 
to which conductivity is imparted by baking and an upper electrode, which are provided 
25 inside a contact hole of an insulating layer stacked over a lower electrode and on an 
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upper surface of the insulating layer. 

[0020] In order to solve the above-described problems, the mechanism for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 
therebetween according to claim 6 is characterized by including a conductive member 
5 to which conductivity is imparted by baking, filling a contact hole of an insulating layer 
stacked over a lower electrode, and a conductive material stacked over this conductive 
member and on an upper surface of the insulating layer. 
[0021] 

[Operation] The method for electrically connecting an upper electrode and a lower 

10 electrode with an insulating layer interposed therebetween according to the present 
invention is to integrally form a conductive member in a contact hole and an upper 
electrode by forming the contact hole in an insulating layer coating an upper surface of 
a lower electrode, providing a material to be conductive after baking in the contact hole 
and on an upper surface of the insulating layer, and baking these. 

15 [0022] Thus, according to the method of the present invention, the conductive member 
in the contact hole and the upper electrode are integrally formed; therefore, the upper 
electrode can be in favorable contact with the lower electrode which is electrically 
connected thereto through the contact hole. Further, the conductive member in the 
contact hole and the upper electrode are integrally formed; therefore, the manufacturing 

20 process can be simplified and defective electrical connection due to space or the like at 
the boundary between the conductive member and the upper electrode can be prevented. 
[0023] In addition, according to the method of the present invention, the conductive 
member provided in the contact hole is formed by application means such as an 
immersion method, a spin coating method, a spray method, or a printing method; 

25 therefore, the conductive member can be formed densely without space and the 
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conductive member inside the contact hole can favorably and surely make the upper 
electrode and the lower electrode in contact with each other. 

[0024] Further, when a contact hole formed in an insulating layer is filled by 
application means as described above with a material to be conductive after baking, a 
5 conductive member is formed by baking this, and an upper electrode is formed by 
stacking a conductive material over the conductive member and the insulating layer, the 
conductive member filling the contact hole can also be formed densely and surely and 
can favorably and surely make the upper electrode and the lower electrode in contact 
with each other, without integrally forming the upper electrode and the conductive 
10 material in the contact hole. 
[0025] 

[Embodiment] Referring to drawings, a description is made of embodiments of the 
method and structure for electrically connecting an upper electrode and a lower 
electrode with an insulating layer interposed therebetween according to the present 
15 invention. 

(Embodiment 1) FIG. 1(g) is a schematic cross-sectional view which shows one 
embodiment of a liquid crystal substrate embodying the present invention. This liquid 
crystal substrate includes a gate electrode 2 and a pixel electrode 3 formed over a 
substrate 1, a gate insulating film 4 covering this and including a contact hole 8, a 

20 semiconductor layer 7 including an active layer 5 made of an a-Si film provided on an 
upper surface of this and an n"^ layer 6, and a conductive member 9A and an upper 
electrode 9 integrally formed inside the contact hole 8 and on the upper surface of the 
gate insulating layer 4. Note that the upper electrode 9 is patterned and includes a 
source electrode 9a and a drain electrode 9b. 

25 [0026] Thus, in order to manufacture a liquid crystal substrate having the above 
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structure, the gate electrode 2 made of polycrystalline silicon doped with P (phosphorus) 
or B (boron), or low-resistance metal such as Cr, Mo, or Ti with a thickness of 

o 

approximately 1000 A is formed first by a sputtering method or the like over the 
substrate 1 made of an insulator such as low-melting glass as shown in FIG 1(a). 
5 [0027] Next, a transparent conductive film made of indium, tin oxide (hereinafter 
abbreviated to an ITO film) 3a is formed thereover with a thickness of approximately 
1000 A to 2000 A as shown in FIG 1(b). After this, the ITO film 3a is patterned into a 
shape shown in FIG 1(c) using a photolithography technique to form the pixel electrode 
3 (lower electrode). At this time, an etchant of a hydrochloric acid/nitric acid mixture 

10 is generally used. 

[0028] Then, the gate insulating film 4 with a thickness of approximately 1500 A to 
2000 A is formed thereover as shown in FIG 1(d). This gate insulating film 4 is 
formed by oxidizing the gate electrode 2 or formed over the gate electrode 4 with Si02 
(silicon oxide), Si3N4 (silicon nitride), or the like by a plasma enhanced CVD (chemical 

15 vapor deposition) method (hereinafter abbreviated to a PECVD method) or the like. 

[0029] Next, over this gate insulating film 4, the semiconductor layer 7 including the 
a-Si film 5a serving as the active layer 5 and an n"^ a-Si film 6a serving as the n"*^ layer 6 
of a TFT is formed as shown in FIG 1(e). The active layer 5 is the a-Si film formed by 
a PECVD method or the like with a thickness of approximately 1000 A to 2000 A, and 

20 the n"^ layer 6 is an n^ a-Si:H film doped with P (phosphorus) which is formed by a 
PECVD method or the like with a thickness of approximately 100 A to 500 A. 
[0030] After this, the contact hole 8 as shown in FIG 1(f) is formed in the gate 
insulating film 4 over the pixel electrode 3. Then, as shown in FIG 1(g), a material to 
be conductive after baking is provided inside the contact hole 8 and on the upper surface 

25 of the gate insulating film 4 by application means such as an immersion method, a spin 
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coating method, a spray method, or a printing method, and this is baked at a baking 
temperature of approximately 500 °C, thereby forming the conductive member 9A and 
the upper electrode 9. The upper electrode 9 includes the source electrode 9a and the 
drain electrode 9b with a thickness of approximately 2000 A which are processed by 
5 patterning. Accordingly, in the structure, the drain electrode 9b is connected to the 
pixel electrode 3 through the conductive member 9A formed integrally with the drain 
electrode 9b and filling the contact hole 8. 

[0031] (Embodiment 2) FIG 2(i) is a schematic cross-sectional view which shows one 
structure example of a liquid crystal substrate embodying the present invention. This 

10 liquid crystal substrate includes a gate electrode 2 and a pixel electrode 3 (lower 
electrode) formed over a substrate 1, a gate insulating film 4 covering this and including 
a contact hole 8, a semiconductor layer 7 including an active layer 5 made of an a-Si 
film 5a provided on an upper surface of this and an n"^ layer 6, the contact hole 8 filled 
with a conductive member 8A to be conductive after baking, and a source electrode 9a 

15 and a drain electrode 9b (upper electrode) made of low-resistance metal such as Al or Cr 
formed over these. 

[0032] Thus, in order to manufacture a liquid crystal substrate having the above 
structure, the gate electrode 2 made of polycrystalline silicon doped with P (phosphorus) 
or B (boron), or low-resistance metal such as Cr, Mo, or Ti with a thickness of 
20 approximately 1000 A is formed first over the substrate 1 made of an insulator such as 
low-melting glass as shown in FIG 2(a). 

[0033] Next, an ITO film 3a made of indium, tin oxide with a thickness of 
approximately 1000 A to 2000 A is formed thereover as shown in FIG 2(b). After this, 
this ITO film 3a is shaped into a shape shown in FIG 2(c) using a photolithography 
25 technique to form the pixel electrode 3 (lower electrode). At this time, an etchant of a 
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hydrochloric acid/nitric acid mixture is generally used. 

[0034] Then, the gate insulating film 4 with a thickness of approximately 1500 A to 

o 

2000 A is formed thereover as shown in FIG. 2(d). This gate insulating film 4 is 
formed by oxidizing the gate electrode 2 or formed over the gate electrode 2 with Si02 
5 (silicon oxide), Si3N4 (silicon nitride), or the like by a PECVD method or the like. 

[0035] Next, over the gate insulating film 4, the semiconductor layer 7 including the 
a-Si film 5a serving as the active layer 5 and an n^ a-Si film 6a serving as the n"*" layer 6 
of a TFT is formed as shown in FIG. 2(e). The active layer 5 is an a-Si:H film formed 
by a PECVD method or the like with a thickness of approximately 1000 A to 2000 A, 
10 and the n*^ layer 6 is n"^ a-Si:H doped with P, which is formed by a PECVD method or 
the like with a thickness of approximately 100 A to 200 A. 

[0036] Then, as shown in FIG 2(f), the semiconductor layer 7 is patterned and the 
contact hole 8 is formed in the gate insulating film 4 over the pixel electrode 3. Then, 
as shown in FIG 2(g), a material to be conductive after baking is formed inside this 
15 contact hole 8 by application by an immersion method, a spin coating method, a spray 
method, a printing method, or the like. This is baked and then pattemed as shown in 
FIG 2(h) to form the conductive member 8A. 

[0037] Further, after that, a stacked film formed by sequentially stacking Al and Cr by 
a sputtering method or the like is pattemed as shown in FIG 2(i), thereby forming the 
20 source electrode 9a and the drain electrode 9b over these. Note that thicknesses of the 
Al layer and the Cr layer are set in the range of Al/Cr = 2000/1000 to 4000/1000 A. 
Accordingly, in the structure, the drain electrode 9b is connected to the pixel electrode 3 
through the conductive member 8A in the contact hole. 

[0038] (Embodiment 3) FIG 3(i) is a schematic cross-sectional view which shows one 
25 structure example of a liquid crystal substrate embodying the present invention. This 
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liquid crystal substrate includes a gate electrode 2 formed over a substrate 1, a gate 
insulating film 4 covering this, a semiconductor layer 7 including an active layer 5 made 
of an a-Si film 5a provided on an upper surface of this and an n"^ layer 6, a source 
electrode 9a and a drain electrode 9b (lower electrode) provided over the semiconductor 
5 layer 7, an upper insulating layer 10 made of an insulating material provided thereover, 
and a conductive member 11a inside a contact hole 8 of the upper insulating layer 10, 
which is formed so as to be electrically connected to the drain electrode 9b and an upper 
electrode 11 formed integrally with this conductive member 11a. 

[0039] Thus, in order to manufacture a liquid crystal substrate having the above 
10 structure, the gate electrode 2 made of polycrystalline silicon doped with P (phosphorus) 
or B (boron), or low-resistance metal such as Cr, Mo, or Ti with a thickness of 
approximately 1000 A is formed first over the substrate 1 made of an insulator such as 
low-melting glass as shown in FIG 3(a). 

[0040] Next, the gate insulating film 4 with a thickness of approximately 1500 A to 
15 2000 A is formed thereover as shown in FIG 3(b). This gate insulating film 4 is 
formed by oxidizing the gate electrode 2 or formed over the gate electrode 2 with Si02 
(silicon oxide), Si3N4 (silicon nitride), or the like by a PECVD method or the like. 
[0041] Then, over this gate insulating layer 3, the semiconductor layer 7 including the 
a-Si film 5a serving as the active layer 5 and the n^ layer 6 of a TFT is formed as shown 
20 in FIG 3(d). The active layer 5 is an a-Si:H film formed by a PECVD method or the 
like with a thickness of approximately 1000 A to 2000 A, and the n"*" layer 6 is an n^ 
a-Si:H film doped with P, which is formed by a PECVD method or the like with a 
thickness of approximately 100 A to 500 A. 

[0042] Further, the source electrode 9a and the drain electrode 9b are formed over the 
25 semiconductor layer 7 as shown in FIG 3(e). The source electrode 9a and the drain 
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electrode 9b are formed by patterning a stacked film formed by sequentially forming Al 
and Cr by a sputtering method or the like, and thicknesses of an Al layer and a Cr layer 
are set in the range of approximately Al/Cr = 2000/1000 to 4000/1000 A. 
[0043] Furthermore, the upper insulating layer 10 formed with Si02 (silicon oxide), 
5 Si3N4 (silicon nitride), or the like by a PECVD method or the like is formed thereover as 
shown in FIG 3(f). Then, in the upper insulating layer 10, the contact hole 8 which is 
electrically connected to the drain electrode 9b is formed as shown in FIG 3(g). After 
that, a material llA to be conductive after baking is formed inside this contact hole 8 
and on an upper surface of the upper insulating layer 10 by application means such as 

10 an immersion method, a spin coating method, a spray method, or a printing method and 
is then baked, thereby integrally forming the conductive member 11a inside the contact 
hole and the upper electrode 11. Note that the upper electrode 11 is patterned into such 
a shape as shown in FIG 3(i) and is electrically connected to the drain electrode 9b 
through the conductive member 11a in the contact hole. 

15 [0044] (Embodiment 4) FIG 4(k) is a schematic cross-sectional view which shows 
one structure example of a liquid crystal substrate embodying the present invention. 
This liquid crystal substrate includes a gate electrode 2 and a pixel electrode 11 (upper 
electrode) formed over a substrate 1, a gate insulating film 4 covering this, a 
semiconductor layer 7 including an active layer 5 made of an a-Si film 5a provided on 

20 an upper surface of this and an n**" layer 6, a source electrode 9a and a drain electrode 9b 
(lower electrode) provided over the semiconductor layer 7, an upper insulating layer 10 
provided thereover, a conductive member 8C to be conductive after baking which is 
provided inside a contact hole 8 provided in the upper insulating layer 10, and a pixel 
electrode 13 (upper electrode) made of low-resistance metal such as Al or Cr which is 

25 provided on an upper surface of the conductive member 8C and the upper insulating 
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layer 10, 

[0045] Thus, in order to manufacture a liquid crystal substrate having the above 
structure, the gate electrode 2 made of polycrystalline silicon doped with P (phosphorus) 
or B (boron), or low-resistance metal such as Cr, Mo, or Ti with a thickness of 
5 approximately 1000 A is formed first over the substrate 1 made of an insulator such as 
low-melting glass as shown in FIG 4(a). 

[0046] Next, the gate insulating film 4 with a thickness of approximately 1500 A to 
2000 A is formed thereover as shown in FIG 4(b). This gate insulating film 4 is 
formed by oxidizing the gate electrode 2 or formed over the gate electrode 4 with Si02 

10 (silicon oxide), Si3N4 (silicon nitride), or the like by a PECVD method or the like. 

[0047] Then, over this gate insulating film 4, the semiconductor layer 7 including the 
a-Si film 5a serving as the active layer 5 and the n"^ layer 6 of a TFT is formed as shown 
in FIG 4(d). The active layer 5 is the a-Si film formed by a PECVD method or the 
like with a thickness of approximately 1000 A to 2000 A, and the n"^ layer 6 is formed 

15 with n"^ a-Si:H doped with P with a thickness of approximately 100 A to 500 A as 
shown in FIG 4(c). 

[0048] Further, the source electrode 9a and the drain electrode 9b are formed over the 
semiconductor layer 7 as shown in FIG 4(e). The source electrode 9a and the drain 
electrode 9b are formed by patteming a stacked film formed by sequentially stacking Al 
20 and Cr, and thicknesses of an Al layer and a Cr layer are set in the range of Al/Cr = 
2000/1000 to 4000/1000 A. 

[0049] Furthermore, a film of Si02 (silicon oxide), Si3N4 (silicon nitride), or the like is 
formed thereover by a PECVD method or the like to form the upper insulating layer 10 
as shown in FIG 4(f). 

25 [0050] Then, in this upper insulating layer 10, the contact hole 8 which is electrically 
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connected to the drain electrode 9a as shown in FIG. 4(g) is formed. After that, a 
material 8c to be conductive after baking is provided inside the contact hole 8 by 
application means such as an immersion method, a spin coating method, a spray method, 
or a printing method as shown in FIG 4(h), and the conductive member 8C is formed by 
5 baking this and is then patterned into such a shape as shown in FIG 4(i). 

[0051] Furthermore, an ITO film 13a is formed on an upper surface of these by a 

o o 

sputtering method or the like with a thickness of approximately 1000 A to 2000 A as 
shown in FIG 4(j) and is patterned to form the pixel electrode 13 having such a shape as 
shown in FIG 4(k). Accordingly, in the structure, the pixel electrode 13 is connected 

10 to the drain electrode 9b through the conductive member 8C filling the contact hole 8. 

[0052] As described above, in Embodiments 1 and 3, the method for electrically 
connecting an upper electrode and a lower electrode with an insulating layer interposed 
therebetween is to integrally form a conductive member in a contact hole and an upper 
electrode by forming a contact hole in an insulating layer coating an upper surface of a 

15 lower electrode, providing a material to be conductive after baking inside the contact 
hole and on an upper surface of the insulating layer, and baking these. 
[0053] Thus, in the above embodiments, the conductive member in the contact hole 
and the upper electrode are integrally formed; therefore, the upper electrode can be in 
favorable contact with the lower electrode which is electrically connected thereto 

20 through the contact hole. Furthermore, the conductive member in the contact hole and 
the upper electrode are integrally formed; therefore, the manufacturing process can be 
simplified and defective electrical connection due to space or the like at the boundary 
between the conductive member and the upper electrode can be prevented. 
[0054] In addition, according to the method of the present invention, the conductive 

25 member provided in the contact hole is formed by application means such as an 
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immersion method, a spin coating method, a spray method, or a printing method; 
therefore, the conductive member can be formed densely without space and the 
conductive member inside the contact hole can favorably and surely make the upper 
electrode and the lower electrode in contact with each other. 
5 [0055] Further, as the above-described electrical connection structure of Embodiments 
2 and 4, when a contact hole formed in an insulating layer is filled by application means 
as described above with a material to be conductive after baking, a conductive member 
is formed by baking this, and an upper electrode is formed by stacking a conductive 
material over the conductive member and the insulating layer, the conductive member 
10 filling the contact hole can also be formed densely and surely and can favorably and 
surely make the upper electrode and the lower electrode in contact with each other, 
without integrally forming the upper electrode and the conductive member in the 
contact hole. 

[0056] Thus, a description is hereinafter made of manufacturing examples of a liquid 
15 crystal substrate having an electrical connection structure manufactured using the 
method for electrically connecting an upper electrode and a lower electrode with an 
insulating layer interposed therebetween according to the present invention. Note that 
structures of the manufacturing examples are similar to Embodiment 2; therefore, 
referring to similar drawings to those used in Embodiment 2, a description is made of 
20 the following manufacturing examples. 

(Manufacturing Example 1) First, a Cr film with a thickness of approximately 

1000 A is formed by a sputtering method or the like over the substrate 1 made of an 
insulator such as low-melting glass to form the gate electrode 2 as shown in FIG 2(a). 
[0057] Next, the ITO film 3a is formed thereover with a thickness of approximately 
25 1000 A to 2000 A as shown in FIG 2(b), and this ITO film 3a is etched into the shape 
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shown in FIG 2(c) using an etchant of a hydrochloric acid/nitric acid mixture to form 
the pixel electrode 3. 

[0058] Then, the gate insulating film 4 with a thickness of approximately 3000 A is 
formed thereover as shown in FIG, 2(d). This gate insulating film 4 is formed with 
5 Si3N4 (silicon nitride) by a plasma enhanced CVD method (hereinafter abbreviated to a 
PECVD method). 

[0059] Next, the semiconductor layer 7 including the a-Si film 5a serving as the active 
layer 5 and the n^ a-Si film 6a serving as the n^ layer 6 of a TFT as shown in FIG 2(e) is 
formed over the gate insulating film 4. The active layer 5 is an a-Si:H film formed 
10 with a thickness of approximately 1000 A to 2000 A by a PECVD method, and the n"^ 
layer 6 is the n^ a-Si:H 6a doped with P (phosphorus) which is formed by a PECVD 
method with a thickness of approximately 100 A to 500 A. 

[0060] Then, after this, the semiconductor layer 7 is patterned as shown in FIG 2(f), 
and the contact hole 8 of 5 \im<^ is formed in the gate insulating film 4 over the pixel 

15 electrode 3. Then, after the inside of this contact hole 8 is spin-coated for 30 seconds 
at 4000 rpn with an application solution in which 1 part by weight of 
In(acac)3(triacetylacenade indium), 0.02 parts by weight of SnCl4-5H20 (stannic 
chloride pentahydrate), 1 part by weight of (CH3CO)2CH2(acetylacetone), and 100 parts 
by weight of ethylcellulose are sufficiently mixed, the application solution is dried at 80 

20 °C for one hour and is further baked at 500 °C for 5 hours in an oxygen atmosphere. 
Accordingly, the conductive member 9A inside the contact hole 8 is formed, and an ITO 

o 

film with a thickness of approximately 700 A is formed over this conductive member 
9A and the gate insulating film 4 by sputtering or the like and is then patterned, thereby 
forming the source electrode 9a and the drain electrode 9b. Thus, a liquid crystal 
25 substrate having a structure for electrically connecting an upper electrode and a lower 
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electrode with an insulating layer interposed therebetween as shown in FIG. 2(g) is 
completed. 

[0061] The thickness of the source electrode 9a and the drain electrode 9b in the liquid 
crystal substrate according to Manufacturing Example 1 was measured, and it was 1500 

o c 

5 A and the specific resistance thereof was 4 x 10" Qcm. Thus, when the electrical 
connection between the ITO pixel electrode (lower electrode) 3 and the drain electrode 
9b was checked using a prober in the liquid crystal in Manufacturing Example 1 having 
the above structure, conduction of the conductive members 9A in all of the contact holes 
8 was confirmed. 

10 [0062] (Manufacturing Example 2) Further, a liquid crystal substrate of 

Manufacturing Example 2 is explained. First, a Cr film with a thickness of 
approximately 1000 A is formed by a sputtering method or the like over the substrate 1 
made of an insulator such as low-melting glass to form the gate electrode 2 as shown in 
FIG. 2(a). 

15 [0063] Next, the ITO film 3a is formed thereover with a thickness of approximately 
1000 A to 2000 A as shown in FIG 2(b), and this ITO film 3a is etched into the shape 
shown in FIG 2(c) using an etchant of a hydrochloric acid/nitric acid mixture to form 
the pixel electrode 3. 

o 

[0064] Then, the gate insulating film 4 with a thickness of approximately 3000 A is 
20 formed thereover as shown in FIG 2(d). This gate insulating film 4 is formed with 
Si3N4 (silicon nitride) by a plasma enhanced CVD method (hereinafter abbreviated to a 
PECVD method). 

[0065] Next, the semiconductor layer 7 including the a-Si film 5a serving as the active 
layer 5 and the n^ a-Si film 6a serving as the n"^ layer 6 of a TFT in FIG. 2(f) is formed 
25 over the gate insulating film 4. As shown in FIG 2(e), the active layer 5 is an a-Si:H 
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film formed by a PECVD method with a thickness of approximately 1000 A to 2000 A, 
and the n"^ layer 6 is an n"^ a-Si:H film doped with P (phosphorus) which is formed by a 
PECVD method with a thickness of approximately 100 A to 500 A. 
[0066] Then, after this, the semiconductor layer 7 is patterned as shown in FIG 2(f) to 
5 form the source electrode 9a and the drain electrode 9b, and the contact hole 8 of 5 fxm(|) 
is formed in the gate insulating film 4 over the pixel electrode 3. Then, after the inside 
of this contact hole 8 is spin-coated for 30 seconds at 4000 rpn with an application 
solution in which 1 part by weight of In(acac)3(triacetylacenade indium), 0.02 parts by 
weight of SnCl4'5H20 (stannic chloride pentahydrate), 1 part by weight of 

10 (CH3CO)2CH2(acetylacetone), and 100 parts by weight of diethylene glycol monoethyl 
ether are sufficiently mixed, the application solution is dried at 80 °C for one hour and 
is further baked at 500 °C for 5 hours in an oxygen atmosphere. Accordingly, the 
conductive member 9A inside the contact hole 8 is formed, and an ITO film with a 
thickness of approximately 700 A is formed over this conductive member 9A and the 

15 gate insulating film 4 by sputtering or the like and is then pattemed, thereby forming the 
source electrode 9a and the drain electrode 9b. Thus, a liquid crystal substrate having 
a structure for electrically connecting an upper electrode and a lower electrode with an 
insulating layer interposed therebetween as shown in FIG 2(g) is completed. 
[0067] The thickness of the source electrode 9a and the drain electrode 9b in the liquid 

20 crystal substrate according to Manufacturing Example 2 was measured, and it was 3000 
A and the specific resistance thereof was 5 x 10" Qcm. Thus, when the electrical 
connection between the ITO pixel electrode (lower electrode) 3 and the drain electrode 
9b was checked using a prober in the liquid crystal substrate in Manufacturing Example 
1 having the above structure, conduction of the conductive members in all of the contact 

25 holes 8 was confirmed. 
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[0068] Note that although the above manufacturing examples give only examples of 
Embodiment 2, a similar effect to those of Manufacturing Examples 1 and 2 can be 
obtained in the structure for electrically connecting an upper electrode and a lower 
electrode, by applying the structure for electrically connecting an upper electrode and a 
5 lower electrode using a chloride application solution or a nitrate application solution in 
the above described manufacturing example also to Embodiments 2, 3, and 4. 
[0069] Thus, in order to make a comparison with the electrical cormection effect of the 
conductive member in the contact hole of the liquid crystal substrate of the 
above-described manufacturing examples, a number of liquid crystal substrates in which 
10 only a material of the conductive member in the contact hole 8 was replaced by Al were 
manufactured through a similar process to that of Manufacturing Example 1, and tests 
for checking electrical cormection thereof were carried out as described below. 
(Comparative Example 1) First, similar to the manufacturing process for the liquid 
crystal substrate in Manufacturing Example 1, the Cr film with a thickness of 

o 

15 approximately 1000 A is formed over the substrate 1 made of an insulator such as 
low-melting glass by a sputtering method or the like as shown in FIG 2(a) to form the 
gate electrode 2. 

[0070] Next, the ITO film 3a is formed thereover with a thickness of approximately 
1000 A to 2000 A as shown in FIG 2(b), and this ITO film 3a is etched into the shape 
20 shown in FIG 2(c) using an etchant of a hydrochloric acid/nitric acid mixture to form 
the pixel electrode 3. 

[0071] Then, the gate insulating film 4 with a thickness of approximately 3000 A is 
formed thereover as shown in FIG 2(d). This gate insulating film 4 is formed with 
Si3N4 (silicon nitride) by a plasma enhanced CVD method (hereinafter abbreviated to a 
25 PECVD method). 
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[0072] Next, the semiconductor layer 7 including the a-Si film 5a serving as the active 
layer 5 and the n"^ a-Si film 6a serving as the n"*" layer 6 of a TFT as shown in FIG. 2(e) is 
formed over the gate insulating film 4. The active layer 5 is an a-Si:H film formed by 
a PECVD method with a thickness of approximately 1000 A to 2000 A, and the n"^ layer 
5 6 is n"^ a-Si:H 6a doped with P (phosphorus) which is formed by a PECVD method with 
a thickness of approximately 100 A to 500 A. 

[0073] Then, after this, the semiconductor layer 7 is patterned as shown in FIG 2(f), 
and the contact hole 8 of 5 [xm^ is formed in the gate insulating film 4 over the pixel 

o 

electrode 3. Then, an Al film with a thickness of approximately 1000 A is formed 
10 inside the contact hole 8, and the Al film other than inside the contact hole is removed 
by etching or the like into such a shape as shown in FIG 2(h), thereby forming the 
conductive member 8A inside the contact hole 8. Then, an ITO film with a thickness 
of approximately 700 A is formed thereover by sputtering or the like and this is 
patterned, thereby forming the source electrode 9a and the drain electrode 9b. Thus, a 
15 liquid crystal substrate having a structure for electrically connecting an upper electrode 
and a lower electrode with an insulating layer interposed therebetween as shown in FIG 
2(g) is completed. 

[0074] Note that the thickness of the source electrode 9a and the drain electrode 9b in 
the liquid crystal substrate formed as described above was approximately 1500 A 

20 similarly to Manufacturing Exeunple 1 and the specific resistance thereof was 4 x 10*^ 
Qcm. Thus, when the conduction of the conductive members in the contact holes 8 of 
a number of liquid crystal substrates manufactured by a method as described above was 
checked using a prober, a defect due to loose connection between the conductive 
member 8A made of Al in the contact hole 8 and the ITO pixel electrode 3 was 

25 approximately 3 %, and a defect due to loose connection between the conductive 
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member 8 A and the ITO film was approximately 1 %. 

[0075] Therefore, in comparison with the results of the tests for checking electrical 
connection in Manufacturing Examples 1 and 2 according to the method of the present 
invention, the method and the structure for electrically connecting an upper electrode 
5 and a lower electrode with an insulating layer interposed therebetween according to the 
present invention obviously and surely show an increase in yield. 
[0076] 

(Comparative Example 2) Furthermore, in order to compare characteristics of 
transparent conductive films formed by application means such as an immersion method, 

10 a spin coating method, or a printing method that is formation means of the conductive 
member 8A inside the contact hole 8 and by other film formation methods, 
characteristics of transparent conductive films formed by a dipping method as a 
representative of the method of the present invention and by other film formation 
methods are compared and the results are arranged in Table 1. 

15 [0077] 


[Table 1] 


Material 

Process 

Thickness 

Carrier concentration 
(cm-^) 

Mobility 
(cm^A^S) 

Specific resistance 
(Qcm) 

Transmittance 
(%) 


Vacuum 
evaporation 

0.25 

3.8 X 10^° 

43 

3.7 X 10*^ 

80-90 

ITO 

Rf sputtering 

0.70 

6.0 X 10^ 

35 

3.0 X 10"* 

90 


Pyrosol 

0.10 

8.0 X 10^° 

37 

2.2 X IQ-'* 

88 


Dipping 

0.10 

6.0 X 10^° 

70 

2.0 X 10"^ 

95 

NESA 

CVD 

0.36 

1.2 X 10^° 

23 

2.0 X 10'^ 

90 
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Dipping 

0.48 



2.5 X 10-^ 

90 


[0078] As can be seen in Table 1, either an ITO film or a NESA film (Sn02-Sb203 
film) can be formed so as to have small specific resistance and sufficient transmittance 
by the dipping method mentioned as the application means, as compared to other film 
5 formation methods. 

[0079] Therefore, an ITO film by a sputtering method, which is currently generally 
used, with a thickness of 2100 A has a sheet resistance of approximately 10 Q/cm^. 
This value is the same as that of an ITO film formed by the method of the present 
invention, for example, a sol-gel method. Thus, as for an electrical connection 
10 mechanism in the contact hole 8 of the above-described liquid crystal substrate 
according to the above-described method of the present invention, it is found that there 
is no problem if the dimension of the contact hole is approximately several 
micrometers. 

[0080] Therefore, according to the method of the present invention, a conductive 
15 material filling the contact hole 8 becomes conductive after baking. By using, for 
example, a material including excellent spherical particles with good sphericalness, high 
density, and smooth surface, which is produced by a sol-gel method or the like, the 
contact hole can be densely and surely filled with this conductive material. In addition, 
by forming a film of these conductive materials using application means such as an 
20 immersion method, a spray method, a spin coating method, or a printing method as 
described above, contact and electrical connection functions of contact between an 
upper electrode and a lower electrode can be surely achieved, and yield can be 
increased. 

[0081] Further, according to the method of the present invention, after a contact hole is 
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formed in the insulating layer, the conductive material in the contact hole and the upper 
electrode can be formed integrally. The upper electrode and the mechanism for 
electrically connecting the upper electrode and the lower electrode can be formed in one 
step, so that production efficiency can be increased. 
5 [0082] 

[Effect of the Invention] Therefore, the method for electrically connecting an upper 
electrode and a lower electrode with an insulating layer interposed therebeteween 
according to the present invention is to integrally form a conductive member in a 
contact hole and an upper electrode by forming a contact hole in an insulating layer 
10 coating an upper surface of a lower electrode, providing a material to be conductive 
after baking in the contact hole and on an upper surface of the insulating layer, and 
baking these. 

[0083] Thus, according to the method of the present invention, the conductive member 
in the contact hole and the upper electrode are integrally formed; therefore, the upper 

15 electrode can be in favorable contact with the lower electrode which is electrically 
connected thereto through the contact hole. Further, the conductive member in the 
contact hole and the upper electrode are integrally formed; therefore, the manufacturing 
process can be simplified and defective electrical connection due to space or the like at 
the boundary between the conductive member and the upper electrode can be prevented. 

20 [0084] In addition, according to the method of the present invention, the conductive 
member provided in the contact hole is formed by application means such as an 
immersion method, a spin coating method, a spray method, or a printing method; 
therefore, the conductive member can be formed densely without space and the 
conductive member inside the contact hole can favorably and surely make the upper 

25 electrode and the lower electrode in contact with each other. 
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[0085] Further, when a contact hole formed in an insulating layer is filled by 
application means as described above with a material to be conductive after baking, a 
conductive member is formed by baking this, and an upper electrode is formed by 
stacking a conductive material over the conductive member and the insulating layer, 
5 without integrally forming the upper electrode and the conductive material in the 
contact hole, the conductive member filling the contact hole can also be formed densely 
and surely and can favorably and surely make the upper electrode and the lower 
electrode in contact with each other. 

[0086] Thus, the method and the structure for electrically connecting an upper 
10 electrode and a lower electrode with an insulating layer interposed therebetween 
according to the present invention can improve yield and reduce production cost as 
compared to the conventional method. 
[Brief Description of Drawing] 

[FIG 1] FIG. 1 is a diagram of a process for manufacturing a liquid crystal substrate for 
15 explaining a method for electrically connecting an upper electrode and a lower electrode 
with an insulating layer interposed therebetween in Embodiment 1 of the present 
invention, (a) is a cross-sectional view showing a step of forming a gate electrode. 

(b) is a cross-sectional view showing a step of forming a transparent conductive film. 

(c) is a cross-sectional view showing a step of forming a pixel electrode, (d) is a 
20 cross-sectional view showing a step of forming a gate insulating film, (e) is a 

cross-sectional view showing a step of forming an active film and an n"^ layer, (f) is a 
cross-sectional view showing a step of processing a semiconductor layer including an 
active film and n"*^ layer and a step of forming a contact hole, (g) is a cross-sectional 
view showing a liquid crystal substrate having a structure for electrically connecting an 
25 upper electrode and a lower electrode with an insulating layer interposed therebetween 
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in Embodiment 1 of the present invention. 

[FIG. 2] FIG. 2 is a diagram of a process for manufacturing a liquid crystal substrate for 
explaining a method for electrically connecting an upper electrode and a lower electrode 
with an insulating layer interposed therebetween in Embodiment 2 of the present 
5 invention, (a) is a cross-sectional view showing a step of forming a gate electrode. 

(b) is a cross-sectional view showing a step of forming a transparent conductive film. 

(c) is a cross-sectional view showing a step of forming a pixel electrode, (d) is a 
cross-sectional view showing a step of forming a gate insulating film, (e) is a 
cross-sectional view showing a step of forming an active film and an n^ layer, (f) is a 

10 cross-sectional view showing a step of processing a semiconductor layer including an 
active film and an n^ layer and a step of forming a contact hole, (g) is a cross-sectional 
view showing a step of forming a conductive member to be conductive after baking, 
(h) is a cross-sectional view showing a step of patterning a conductive film formed in 
(g). (i) is a cross-sectional view showing a liquid crystal substrate having a structure 

15 for electrically connecting an upper electrode and a lower electrode with an insulating 
layer interposed therebetween in Embodiment 2 of the present invention. 
[FIG. 3] FIG 3 is a diagram of a process for manufacturing a liquid crystal substrate for 
explaining a method for electrically connecting an upper electrode and a lower electrode 
with an insulating layer interposed therebetween in Embodiment 3 of the present 

20 invention, (a) is a cross-sectional view showing a step of forming a gate electrode, 
(b) is a cross-sectional view showing a step of forming a gate insulating layer, (c) is a 
cross-sectional view showing a step of forming an active film and an n"^ layer, (d) is a 
cross-sectional view showing a step of processing a semiconductor layer including an 
active film and an n"*^ layer, (e) is a cross-sectional view showing a step of forming a 

25 source electrode and a drain electrode, (f) is a cross-sectional view showing a step of 
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forming an upper insulating layer, (g) is a cross-sectional view showing a step of 
forming a contact hole, (h) is a cross-sectional view showing a step of forming a 
conductive film to be conductive after baking, (i) is a cross-sectional view showing a 
liquid crystal substrate having a structure for electrically connecting an upper electrode 
5 and a lower electrode with an insulating layer interposed therebetween in Embodiment 
3 of the present invention. 

[FIG 4] FIG. 4 is a diagram of a process for manufacturing a liquid crystal substrate for 
explaining a method for electrically connecting an upper electrode and a lower electrode 
with an insulating layer interposed therebetween in Embodiment 4 of the present 

10 invention, (a) is a cross-sectional view showing a step of forming a gate electrode, 
(b) is a cross-sectional view showing a step of forming a gate insulating layer, (c) is a 
cross-sectional view showing a step of forming an active film and an n^ layer, (d) is a 
cross-sectional view showing a step of processing a semiconductor layer including an 
active film and an n"^ layer, (e) is a cross-sectional view showing a step of forming a 

15 source electrode and a drain electrode, (f) is a cross-sectional view showing a step of 
forming an upper insulating layer, (g) is a cross-sectional view showing a step of 
forming a contact hole, (h) is a cross-sectional view showing a step of forming a 
conductive member to be conductive after baking, (i) is a cross- sectional view 
showing a step of patterning a conductive film formed in (h). (j) is a cross-sectional 

20 view showing a liquid crystal substrate having a structure for electrically connecting an 
upper electrode and a lower electrode with an insulating layer interposed therebetween 
in Embodiment 4 of the present invention. 

[FIG 5] FIG 5 is a diagram of a process for manufacturing a liquid crystal substrate for 
explaining a conventional method for electrically connecting an upper electrode and a 
25 lower electrode with an insulating layer interposed therebetween. (a) is a 
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cross-sectional view showing a step of forming a gate electrode. (b) is a 
cross-sectional view showing a step of forming a transparent conductive film, (c) is a 
cross-sectional view showing a step of forming a pixel electrode. (d) is a 
cross-sectional view showing a step of forming a gate insulating film, (e) is a 
5 cross-sectional view showing a step of forming an active film and an n"*" layer, (f) is a 
cross-sectional view showing a step of processing a semiconductor layer including an 
active film and an n^ layer and a step of forming a contact hole, (g) is a cross-sectional 
view showing a step of forming a film of a conductive member such as Al. (h) is a 
cross-sectional view showing a step of processing the film of the conductive member 
10 formed in (g). (i) is a cross-sectional view showing a liquid crystal substrate having a 
conventional structure for electrically connecting an upper electrode and a lower 
electrode with an insulating layer interposed therebetween. 

[FIG 6] FIG. 6 is a cross-sectional view showing a liquid crystal substrate having a 
conventional structure for electrically connecting an upper electrode and a lower 
15 electrode with an insulating layer interposed therebetween. 

[FIG 7] FIG 7 is an enlarged view of a substantial part of FIG 6. 

[FIG 8] FIG 8 is a diagram for explaining an aspect ratio in accordance with the shape 
of a contact hole. 
[Explanation of Reference] 
20 1 Substrate 

2 Gate Electrode 

3 Pixel Electrode 

4 Gate Insulating Layer 

5 Active Film 
25 5a a-Si Film 
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6 

n^ Layer 

6a 

n"^ a-Si Film 

7 

Semiconductor Layer 

8 

Contact Hole 

8A 

Conductive Member 

SB 

Conductive Member 

8C 

Conductive Member 

9a 

Source Electrode 


Drain Electrode 

10 

Upper Insulating Layer 

11 

Pixel Electrode 

lla 

Conductive Member 

13 

Pixel Electrode 
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[0 0 0 9] ^Jk\Z. 05 (i) \Z7h-t^O\ZZ.t\^(D±. 

^bT, ;io^m*gi9^:7:<i- huy^^7^-S^R^ 
^9b (Jia^m^) ^?i^^-r^o ctox, ^(t^huo 

®S9b^S. ttjffi=] h4^-;U8(^gBt::3t«^nfc 
[0 0 10] 

>SS9 b <hiij^mi^3 <^:7:?^'n>^:i7 h^ch^^^chL 


( 3 ) 


^m^5 - 3 3 5 4 2 4 


^i[tm\zxDf&m'i^^ ^icomm^i sB^jiy ^>^mm 

[0 0 11] V^^VU^^^. WI3=i>^^ h7}^-;U8[^ 

(Dm-^RTsmm(Dmmz. 'Aiz^-r^vt^m^:^^^^. 

a. ^^btLtzmz. ClcOZX^^hJt (a/b) 

[0 0 12] ^-dx. mtm^(Di&^m^(Dmmim^\z 
i^ttbnfc=F>^i^ h:^^^-;n^^^r5tJ»^nfc^a^^8 
Bfcti. ^mf3^±i:^^<^'^rz^\z. }^u-(>mm9hhm 
mmm3t(D:3>^^ hmm\zxm^^c^i^.n^^$>-D 20 

tr^i. ±m(Djzo\zu>^^ h^-ju8[^\z. mmu8 

fZo 

[0 0 1 3] ^UT^ bt;i, ±aib^c^3tw. HU'f> 

y-h^^S4<DIii^m*13±tCi:>^^ h*-;U8^ 30 
J^jSL. ■^cDttcco±t::^®^^ 8 B^^ML. cin^^ 

5 (g) ^^5 (h) IZ^-r^OlZ. /t:$^-->^*t-^ 

[0 0 14] ^-dx. ^m^m\t±$mm^m^xtj:^ 

ji^ifTLxmrnLxi^^^TrnmrntB^itfUziy^^ 
t^z.t^^x^. 't<DmmT.m<Dmm<\:^m^^ 
t^-^m^zLrzmmyj^'Bizft(Dmm^mm-r^:it^ 40 

[0 0 15] 

mm^m^r^rzisbcD^m m^mi\z$^m<Dmmm 
^^Lrz±mmmtT^mm(Dmmyjmt. ±mmm^ 
m^r^rcisb\z. T^mm±\z. mmm^^mv. 
mf^m\zn>^^ h^-ji^mf$.L. mm:n>^^ ht-- 
-)ms^Rzsmmm!mm±m\z. mf^mzmm^t^^-r 
^^n^m-f. zn^mf&'r^z.t\zj:D. uy^^v 

©iif ^t><7)T^^o 50 


[0 0 16] mim.2\z%m.(Dmmm^^\^tzi.^nM 

[0 0 17] m^-^2>\z%m.<r:>mMm^it\^fz.iMmM 
hTm^mMo^mm5mt.. iMmm^m^-^^tzmz. 

mzm^nmm^mm't^z.hL\z^y}±MnM^wis.~t 

^ ;i ^ ^Nf ^ i: f ^ CO T $> ^ . 
[0 0 18] f»*3l4(::|BiS£OS6i^g^:;rLfc±gB«@ 

mim.'^\z%m.(r^::^>9^Yir--)\^nmzm^^. 
[0 0 19] S*J15 tCfBec7)$feiH^S^^Lfc±a5mS 

~T^mM±.\znM'^rifz.^ h:^^-;i'^#-r^ifeiit 
m<j^m%^::^y^'7Vir--)\^nwBijs. m%^^mm±M 
\z. m.mz^y)\z^m.mm^--^ri^^mm^i^n±.^n 
Wim\'^^nxu^z.^^mw.^'^^'^(r:>x^^. 

[0 0 2 0] rt*JS6t-|B%co^eiH^/l^:/rLfc±a5m@ 

t.T^nM(j:>mmmm\^. ±Mmm^m^^^fz^\z. 
Ta$m®±tcfflB$tifcrt y^^ h^^-ju^wr-s^ist 
scotfffB=i>^^ h4^-;uF^si$tc. j^^stccfco^mi*;^^' 

%zm^m±M\zmm.mmtmm^nxu^z. t ^^m 

t't^^(DX$>^o 
[0 0 2 1] 

m<D±m\z. m^m^zmmt^mT^m^^m^ir. 

^ ^-r ^ T * ^ . 
[0 0 2 2] ^-dx. ^^B^:^f^x\t. mfBn>^^h 

xmrni^x^^^r^mmt^m^ziy^^ h^t^zt 

•^^x^^o tl.x-^^\z. mn^ziy^^ h-^—JiP^cDm 

mM^imt^±^mm^t-^mj^^n^zLh\z^D. mm 
j:m(Dmmt^m^tt^iz. mt^mm^iL±mmm^ 

[0 0 2 3] ^fz. ^^BMy5mx\t. tiflBn>^^ 1-7}^ 


5 

[0 0 2 4] ^^\z. ±m>mmtz}>^^ h^^-jup^^ 

7rs-)i^\H\z. m^mzmn^^^'t^mn^. ±m\.rz 
^vum^^miz^D^mLf^m. z.n^^^^.'T^z.h lo 

\zmm^un^mm-r^ ctizjzo ±s^mm^mf&i.T 
mm::^>t^^ h-^^-jvp^^z^m-^nfc^mmt. m 

zi>^^ h\ts,^. ^^'Z)mm\znr<s:o:it^^T-^^o 

[0 0 2 5] 

Tm>mm<Dmm:^mi^zsmmmm<Dmt&m\z^\^^T. m 
mmmi) mi (g) \t. :^mm^^mi.rzm^^m^ 20 
^1 ±\zmf&'^nrc'f-hmm2'Bczsmmmm3 c 
z<DALm\zm^^^nrca-s im:-f)^^t^^mmms 
7t^-)is(D[^^Rzs. mi^^*-hmum4±m\z~'i^m 

[0 0 2 6] j:oT, ±mmjisif)^^t^^m^mu^mm. 30 
-r^tcti. mwizmi (a) t-^-Tctptc. {&m.^.:tj^ 

o, T i^(Di&i&im.^m:f)^^U^m^ 1 0 0 0 Amm(D 
[0 0 2 7] :k\z. z.<D±\zmi (b) tc^-rJ:"5tc. 
TOIK^BS^5^-r^) 3 1 0 0 0 A'-2 0 0 0 AgS 

(Dm^^zmf^-r^o z.mk. i toiks a^7^ huy 
i7'^:7^-s$&^fflViT^ 1 (c) \z7R-r^mzn^- 40 

->^7'LTiii^m® 3 (TlfBS^S) ^m^r^. CCD 
[0 0 2 8] -^LT. c<D±l::. 01 (d) \z^T^o 

1 5 0 oA~2 0 0 0 Amm<Dy- hmf^m4 ^ 
mit't^z.t^z^o. $>^i^^\tf-hmm4±\zs \ o 

>A>X^CVD ab^^ffit^fai) ffi (tJ^TPECVD 

ffich^ig-r^) utizj^^xm^-^ti^o 50 


4#iB^5 - 3 3 5 4 2 4 
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[oo2 9];*:ic, z(Dy-hm.mm4<D±\z\t. mi 

(e) tC^-1-J:3tC, TFTcotgKgStCT'cC^a-S i 
JK5a^. @ 6 t';^j:^n' a - S i a 
^^i^M 7 ^^^^jg-r^. mrlBtEltjM 5 ti, PECVDS 
a - S i i^^ l 0 0 0 A- 2 0 0 0 AgS 

^ H-e>^Lfcn* a-S i : HK^. PECVDffi 

mzjzo. mmi 0 0 A-^s 0 0 Amm\zmf&Lrct><D 

X$>^o 

[0 0 3 0] z-om. mM^mmmm3±^coy-hmB 
m4\z. mi (f) \z^-r^ou. :3>^^ h^^-jis 
^m^-r^o ^LT. 1^1 (g) iz^T^oiz. z.(Dzi 

h^-)\^s\H^RU. mM^y-hmmm4±m 
\z. ^f^mzmm^^m-t^un^. mmi^xit. xt: 
>3-h&xti. Epjsus^tCcfcs^* 
^^\z^Dm^ir. ^n^^f$,&mm5 0 ox:mmx^^ 
r^ct\z^K) mm^i 9 A^D^^±gE«@ 9 ^m^-r^o 
mt^±^mm9\t. A^-->^^as^n^c:K/P2 0 0 

0 Ag^cOV — Xli1i9 aS:tKKl/-f>S®9 b:6^^^ 
FU-r >^119 ht—mt^nziy^^ h^i^-JlSp^lz 

^m^nrcntimmmu9 A^^vx. mmmmmmsiz 
i^m^nrzmmtr^':>x\.^^. 
[0 0 3 1] mmm 2 ) ^ 2 ( i > t^. :^mM^mm 
vr^m^muo^-m^m^^^-rmmmmx^^o z,(Dm 
mmmit. mmi ±^zmj&^nrzy-hmm2Rzsmm 

4^-;^8 ^wr^y- F«gi^M4 ch, c(D±m\zm^f^ 
titza-s ims a^^^u^mmms^is. n^ge^ 
■fj^^r^^^^mi^m? t. ^js.wzmm^'^^'r^mm^i 

7.mm9 a^zf\^u^ >mm9 b (±^mm) izxom 
^^nx^^^o 

[0 0 3 2] ct-r^T. ±$Emf$.^^^u^m^m^^mm: 

f^{z\t. mW\zm2 (a) \z^^^'o\z. {&mj^.iJ^ 

7.^(Dmfmi^t)^^t<^^mmi ±iz. p oj» 

o, T i^(Dis.m.m^m^^^u^mmi 0 0 oAmm<D 
y-hmm2^m^'r^. 

[0 0 3 3] :;;^tr. Z<D±\zm2 (b) tc^t"ci:5tc, 

^>zy^A. 7.xmitmf}^'bu^m:mi 0 0 0 A--2 0 
0 0 Amm<Di Toms a^m&'f^o c<Dm. c<di 
TOJK3 a^:7:t huv^'^y4-i^Wi^m^^xm2 
(c) \z^^j^mzf$.mi^xmmmm3 (r^mm) ^ 

[0 0 3 4] -^thX. Z.<D±\Z. m2 (d) tC^-Tcfcp 

{zmm 1500 A- 2000 Assc^y- hj^i^M4 ^ 


( 5 ) 


<#M¥5 - 3 3 5 4 2 4 


&r^^{z^v f&m-r^ c^i\zj:o m^-r^o 

[0 0 3 5] :^\z. m2 (e) tc^Tcfc^tc. tfjK^*— 

hmBm4(D±\z\tTFT(Dmmms\zu^ a-s im 

bats n' meiztii^n* a-S ime a^^ibtji^^m 

i*:g7^?^^-r^o mt^mmm5\t. pecvdst^^^ 

a- Si : HK^ 1 0 0 0 A-'2 0 0 0 Ag^ 
\:^>^Vrzn* a-S i : P E C VDte;^t <i: tC 10 

Tmi¥ 1 0 OA- 2 0 0 Agstcj^^^nfc^^co-e$> 
[0 0 3 6] ^LT, mifB*^^^7^i. 1^2 (f) t:: 

^•r^o ^(/^T. g|2 (g) \Z^^J^o\z. Zi<Da>^ 

^ h^^-)i8p^m\z. ^mk\zmm^^m-t^^m^. 

(h) t;:^-rJ:3t;:. /t:^-->y^a^-r^ ;i .htzicto 20 
[0 0 3 7] ^^\z. ^m^. cn^>tD±t::. -xnv^ 
2 (i) \zm't^o\zn^--y^%M'^^z.hL\z^Ki 

^5. HutBA 1 C rm<D^^<DW^\X. A 1 /C r = 
2000/1 000 64000/1 000 AO^HtC 
iS^^nxi/^^o Se-pT, ffllB H U"Y >m<l 9 b ti, fltf 

m413tCi$^^nfc«3tch/j:oTl.^'S)o 30 
[0 0 3 8] mmm'^) ^3 (i) :*:%0^^|ISS 

»isi±{ij^^$ti/cy-h«^2 ch, z.n 

i a7:?>'c)7'j:^tgSie5:S:D^, g 6 6 T^t^^^ 

M^mi t. z.(i>^=^M^mi ±.\zm-^^t\tLV'-7.mM 

9 aJ^C/HUOm^g b (TSB®®) ;icD±t'IS 
tt^>n^c^i^^^f4;6^6 7^ci:^±a5^6iaS:g 1 0 ch. Stff2±g|5 
^^^1 0(DtaiaFl/'1' >SS9 \:>t.Mm't^^o\ZW 
^^nt:.uy^ ^ Vi^—)\^8n^(OWM.^i 1 1 a hZ,(D 40 
1 ai-i*:?^^^tlfc±a$«^l ItCcfcO^^ 

[0 0 3 9] cJ:-3T. ±IH«^7:?^b;^j:^?gaS1S^^ig 
't^\z\^. m^mzm^ (a) <£S!6.«^.:tf^ 
:^^(r^^mwf^^f^^mw.\ ^\z. p (U» -^B 

o, T i ^0{aJttrL^S:^^6^ci:^J|giP 1 0 0 0 AggcD 
[0 0 4 0] lK\z. co±t;:, 1^13 (b) \z5v^~t^o\z 

mm 1500 A- 2000 Ag^coy- so 


^-r^o cicDy-h*gi^M4t^, y-hmm2^mit't 

^Z.t\z^O. ^^i^^t^y- hffi<12_ht;:s i 

[0 0 4 1] ^vx. :L(Dy—hm^^m3<D±\z\t. m 
3 (d) {ZTfk-r^oiz. TFTcommmsizu^ a-S 
ims atn* me tf)^t>tji^^mi^m7 ^mj^-r^o 
mt^mwiMsit. ms (c) tr^-rc:i:f)t;i. pecvd 

)i^t3J:-3T a - S i : HJK^ 1 0 0 0 A- 2 0 0 0 A 

mm<Dmm\z^m:L^rz%<Dx^$)D. mmn'meit. p 

^F-tr>^Lfcn^ a-S i iHI^^PECVDffi^ 
tcJ:-^T, Mi¥l 0 0 A-S 0 0 Ag^tZfiKML;^c^c7) 

[0 0 4 2] ^6(C. HtJfB¥^*g7±{r^S. 0 3 

(e) ^z^-Tr^oiz^j—xmrnd aRzsv^u-r >mm9 

b^?^^f^o fliJfBy-X«S9 aJl:r/FU-r >m<i9 
b^i, X/^:y ^j^^tZcfcoX. A \ tC r ^M'-kM^V 

r McO^^C^iP^^i. A 1 /C r ^ 2 0 0 0/ 1 0 0 0 

;6^6 4000/100 0 Amm<Dmm\zm^^nT^^ 

[0 0 4 3] ^bT^^tC. Z.<D±\Z. ms (f) tC^ 
Ti^tl, S i O: m<tmm) . Si,N, (^{bS 

^mjs.'T^o ^LT. tffiB±ifK*&j^s 1 o\z{^. ms 

(g) tr^Tct^t', ttrlB FI/-r>S@9 btCa^MT^ 
h7j^-;i/8F^a5^^tfltB±gE$feSS:S 1 0±®tC. j^J5£?^ 

SufB±a$«M 1 1 . ^ 3 (i) \z^~r^ot.^mvt 
ifZ/'^^''->^'mm^nxmm:n>^^ h-^—jim(om 

il«l 1 a^^rLTMlBF >SS 9 b(ha§MbTt.v 
[0 0 4 4] (||JS0ij4) ^4 (k) \t. :$^^m^mm 

^^mt. m^i±{zmm.^nrzy-hmm2'Rzfmm 
mmi 1 i±^mm) t. z.n^moy-hmBm4 
t. z,<D±m\zm^^^nrza-s ims a^^iE>t^^mm 
ms^iSn* me h^^i^tsi^^mi^mi z,<D^mi$^ 
mi ±{zm\'fibrirzv—7.mM9 a^D^Fi/-r >s<i9 
b (TgBss) t. c<D±{z$^i,f^nrz±^mm^mio 
t. :i<D±mmmimi o\zmi^nrz:3>i^^ h^^-ji 
so:)\Hmzmf^rirz. ^m^izmmit^^-t^mm^^ 
set. :i(Dmmusc^zsmt^±'S^mmmi o±m\z 
isttenfcA 1 -^c r m(Di&m.in^miz^^mmmm i 

[0 0 4 5] J:oT. ±t^m^-^^^U^mF-^'=^^^'''^ 


( 6 ) 


[0 0 4 6] :k\z. ::(D±\z. H4 (b) fc^Tcfc^ 

\Z. 1 5 0 0 A-'2 0 0 0 AS^COy-h)^ii^M4 

itr^Zit\Z^K). $>^\^^\tFECWD&mz^Of— 

[0 0 4 7] ^bT. z.<D^'-hm^m4(D±\z\t,. m 

4 (d) IZ^-t^olZ. TFT(^tgi!3M5 tC?^j:^a-S 
iHtgKSSti. ^4 (c) tC^fJC'^tC. PECVDffi 

ct 0 a - s i m^mm i o o o a— 2 000 as^ 

^*Lfcn* a-S i : HlCJ:-pT. MJP 1 0 OA- 5 0 

0 Anmzm^-r^ho^x^&^o 

[0 0 4 8] $6tC. S5fS¥#^g7 JitC. 1^4 (e) 20 

mm'r^z.t\z^'DXM0S,i.rc^(Dx\ A\m. crm 

(D^-^commit. A I /C r = 2 0 0 0/ 1 0 0 0;i>6 

4 0 0 0/1 0 0 0 A(Dmm\zm^^tixi^^^o 

[0 0 4 9] -^LX^fz. CCD±t'PEC VDffi^fCj: 

-dx. s i o, (^>ft;^ig) . s i,N, (mitmm) m 
^^j^b. ^4 (f) iz^-r^vT^^^ii&Bmi o^m 

f$,T^o 30 

[0 0 5 0] ^bT. cco±mmmm 1 0 tl. ^4 

(g) \Zisk'rXoU. mffB K 1/0^^19 a tc^ST^ 
=3>:$'^ h7j^-;U8^?^^-r^o ^4 (h) \Z 

^-r^o\z. mn^ziy^^ h^-ju8\^mz. ^^mz 

Dm-f. z:n^^f$.-r^z.t{zjir)mmt^s c^m^Ah 
fzm. z.n^m4 (i) {z^'r<i:vti^mz/t^-:^> 

[0 0 5 1 ] ^LT^^n. z.n^o:>±m^zm4 (j) 40 

tC^-rJ:-5>tl. I TOJ^l 3 a^X/1^y^S;^j:(h'tCJ:-:? 
T1000-'200 0 AigS^OMiPfC^ML. /t^-- 

>^Ms^ifSbTiii4 (k) \z^'t^oti:mi^(Dmmn 
mi s^m^Lxi^^o m^x. m^mmmmi 3\t. 

trig H u-r >mm 9 b tz^M^nAc^igctfcC-^Tt.^ 

[0 0 5 2] u±m.mhfz^^\z. ^mmmiRi^s 

T^mm±m\z^mi^rzmmm\z:3>^^ h^^~ju^m 50 


4*^¥5 - 3 3 5 4 2 4 
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—ii^m^T^h<Dx$>^. 

[0 0 5 3] ^-:>x. ±mmmmx\t. wim:2>^^h 
^^—ji^\^<DmmMh±^mm^^—i^m}^^nx\^^^z. t 

xmmi.xi^^^T^mmtBkm^zi>^C7 h^t^^t 

^^X^^^ ^LT^-bfc, B(rfBa>^^ h7j^-;i.f^c^^ 

m^itnt}m±^mm\t-i^mf$.'^n^z.tizjiD. Kit 
(Dm\z:}^^-f:b^mm\zj^^. mm^s.^^m-r^z.tf}^ 

[0 0 5 4] ^yc, :^^B^yjmX\t. SrJtBa>^^7 HtJ^ 

<Da>^^ h^s^mz. tvxmm\zmj:o z.ti)^x^ 

[0 0 5 5] ^^{Z. ±^mmta>^^ h:^-J\^\N^ 

comm^i^-i^m^^r. ±mLtzmmm2^zS4<Dm 
mmm<D^o\z. mmimm^-^nrz:3>^^ h^-)u\^ 
iz. mm^izmm^^m-r^mA^. ±mL'rz^oum 
m^mz^^itmi^rzm. z,n^m&T^z.^xmm*i 
^wf^v. z.(Dmmmmmi^iAim>iBLZsmmim±.\zmm\i 

h-^^-jimz^m^tiTzmmmt.. mim\z. 

[0 0 5 6] ^z.x\ :$^mBj^<Dmmm^irrLtz±mmm 
tT^mm(Dmm:^f^^m^^xmmi^rzmmmm^m-r 
^m^m^(Dm^miz-oi^x. i^y.TizmB^-r^o 
:$immm(Dmmt. ±mmmm2hmm(Dt,(Dx$>^(D 
x\ mmmmm2x^mhrzm^^mm(Dh(D^^mM 

m^mi) ^T, mw^zm2 (a) \z^-rjzo\z. {g 

0 Ammc Tm^x/^yi^^m\z^Df&mi^. f-hm 
m2^m^-r^. 

[0 0 5 7] :k\z. z.<D±{zm2 (b) {z^.-t^o\z. 

I TOliS a^ 1 0 0 OA- 2 0 0 0 Ag^cT^P^ tC?^ 
^L, ceo I TOIK3 a^^2 (c) iZ^t^mz. m. 

X. mmmms^mf^-r^. 

[0 0 5 8] ^LT, CCD±\z. m2 (d) \z^-r<ko 

\zm^ 3 0 0 0 Amm<D^*-hmmm:4^~r^o z.coy 
-h^^m4\t. si,N, imit^m) ^y^X'^x> 

/N>XhCVD^ (UJlTPECVDScb^K-r^) \Z^ 
■DXMfS.'t^. 
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[0 0 5 9} :!k\z. z.(D^-vmmm^(oAi\z\t. m2 

(e) \z^'r^oUT¥T(Dmmm^\zf^^Q.~s im 

J: 0 a - S i : 1 0 0 0 A- 2 0 0 0 Ag^OM 

m\zw^js.\.rch(D'x:$>v)^ n'm^\t. p 

— t:>^*L^cn' a - S i :H6a^. PECVDtetC 

cfco, mmx 0 0 A~5 0 o kmmzmf^\^rz.'h(Di:$> 

[0 0 6 0] -^LTccDm. mm^^i^m? ^m2 

(f) iz^~t^v^z/'^t^-:z,>^'r^tth\z. mmm 
mmm3±^(Dtr—hmBm4\z. s /im<t>cDZ2>^^ 

h^-JUS ^mfS^-^^o ^bT, Z.<DZ1>:^^ h^—JU 
SP^mz. In (acac), ( h U T-tr^;^TiI:^- 
hM >;^'^A) laagB, S n C 1, - 5Ht O (ttft^ 
HXX- 5*) 0. 0 2aagi5. (CH,CO) iCHi 

omm^^^»\zm'^i^rzm^mm^. 4000 rpn 
\zmmnmm^x\ so or, 5mrBmfS.-r^z.t^ 

X/t^>:^^fCJ:0miP7 0 0 AgK(7) I Tom^mf^ 

cn^/ti7-->^-r^^Ct::i:»9 V-XS@9 a 
^^D^Hlz-f >m® 9 b^?^^L. ^2 (g) \Z^'t<ko 

[0 0 6 1 ] mmmmmKDm^mm^z:^^^^. y-x 

5. 1 5 0 0 ATa&oT, ^Oit}£tn:ti4 X 1 O-'^ Q c 

mT-S)o;^c. ^z.x\ ±$^mi^^^i>u^:^mmm KDm 
^tci5i^T. MiB I Toiij^«<i (T^s®) stmm 

[0 0 6 2 ] (^3§^J2) $etw. *^ig^J2C0?g^S 
«t::-:?i.^Ti5^9^-r^o ^T. :gi:oi::l^2 (a) tc^fJ; 
^t::> fiit.^.:^7^X^c7)^jB^#:;ii^^;^j:^S«l±H. /p 

$ 1 0 0 0 Ammo rm^x/^y^mmiz^Df&mL. 

[0 0 6 3] :k\z. :i(D±\zm2 (b) \z^-r^vlz. 

iTOKsa^ioo OA- 2 0 0 0 Amm(Dm^\zm 
j^L. z(Di Toms a^m2 (c) {ZTR-Tmmz. 

[0 0 6 4] ^bT. Z.(D±\Z. m2 id) \Z^-rJ:o 

\zm-^3oooAmm(Dy-hmBm4^'r^. zcoy 

/\>AhCVD& («TP EC VDffi(t^0S-r^) (let 
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[0 0 6 5] z:(Dy-hmmm4(D±\z{t. m2 
(f) TFTa:>mmm5\zrji^a-s ims at. n* 

m6\zrj:^n* a-S 1^6 a t^^^U^^mi^^M 7 ^ 

m&'t^o m$^mmms\t. m2 (e) ti^Tct^tcp 

ECVDffitCJ:oT, a - S i : Hl^^ 1 0 0 0 A- 2 

0 0 0 Ammo:>mm\zm^LrchcDx$>o. n'me 
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